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THE RESEARCH AT UNIVERSITY COLLEGE lONDON. 
M.D. Ambersley, L.J. Bond, A.L. Downie, W. Duerr, C.W. Pitt, D.A. Sinclair & I.R, Smith. 
University College London 
Department of Electronic and Electrical Engineering 
Torrington Place 
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ABSTRACT 
This paper presents a review of some of the research projects at University College London which use 
ultrasonic waves in non-destructive testing. The projects covered include a low-frequency scanning 
acoustic microscope, a new dark-field acoustic microscope, an update on finite difference model studies of 
wave propagation and scattering, developments,in mode-conversion techniques for defect characterisation, a 
new high-resolution acoustic field sampling probe and a resume of the work on ZnO transducers, 
INTRODUCTION 
The need for quantitative non-destructive 
testing, and in particular defect characterisation, 
has been recognised for many years, It is clear 
that the achievement of quantatitive NOT must now 
assume a high priority if the full benefits of the 
advances in.fracture mechanics and related areas of 
materials science, are to be realised, This has 
been appreciated for several years in both the USA 
and the UK and, as a result, there is now 
considerable interest in this research area in 
British Universities and industrial laboratories, 
as well as in their counterparts in the USA. 
This paper, together with Ameri et al, (1), 
(to be presented later), reviews the current work 
in ultrasonic NDT in the Department of Electronic 
and Electrical Engineering at University College 
London. The presentation also extends the work on 
model studies of wave propagation and scattering 
given by Bond, (2), at last year's meeting: this 
work was formerly at The City University, London, 
and has now moved to join the long-established 
research in acoustic imaging and microscopy, SAW 
signal processing and ultrasound-orientated thin 
film technology, at UCL. 
Current studies can be divided into six 
related groups of projects: (i) use of a laser 
probe (1,3) to measure material properties such as 
SAW velocity, elastic constants or crystal 
orientation, (ii) investigation of the interaction 
between a propagating wave and a defect using the 
scattered and mode-converted waves to identify 
characteristics of the defect by use of the laser 
probe (3) in an imaging mode to examine cracks or 
overlay defects, (iii) use of the acoustic micros-
copy (1} to produce 'acoustic-contrast' images of 
small structures, (iv) the theoretical investigat-
ion of fundamental wave propagation scattering 
using numerical (finite difference) models (2), 
together with experimental investigations using 
short pulse probes, (v) the development of the new 
family of mode-conversion techniques for defect 
characterisation, reported at last year's meeting, 
(2,5}, (vi) engineering support for the above 
activities; typically the development of single 
crystal and thin film transducers, acoustic lenses 
and electronic instrumentation. 
The following paragraphs consider some 
specific aspects of these projects - the 
application of low-frequency (12MHz) scanning 
acoustic microscope to NDT, a new dark-field 
acoustic microscope, an update on numerical model 
studies of wave propagation and scattering (2), 
developments in mode-conversion techniques for 
defect characterisation, a new high-resolution 
acoustic-field sampling probe and a resume of the 
work on ZnO transducers. 
TRANSMISSION SCANNING ACOUSTIC MICROSCOPY 
FOR DEFECT DETERMINATION IN METALLIC.OBJECTS 
The Scanning Acoustic Microscope (SAM) has been 
successfully used to examine a wide range of 
biological state materials (6). Recent work has 
tended to concentrate upon the reflection configur-
ation of the instrument which eases alignment 
constraints in high resolution systems (7), while 
transmission imaging at lower resolutions has 
received less attention (8). Both configurations 
have applications in NDT in the location and detect-
ion of flaws and voids within an opaque material. 
Experimental results from a transmission system 
will be presented that demonstrate the detection of 
such defects.* The essential elements of a 
transmission SAM are shown in Fig. 1. 
An acoustic lens produces a diffraction 
limited focal spot at the object plane. A second 
lens collimates the energy transmitted through the 
object. An image is built up by mechanically 
scanning the object through the focussed beam and 
using the measured transmissivity at each image 
point to modulate the intensity of a synchronously 
scanned display. 
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The results presented here were obtained using 
a transmission SAM operating at 12MHz, employing 
16mm radius, 25mm aperture fused quartz lenses. 
The resolution in a steel sample was approximately 
650)lm. 
* Transmission Scanning Acoustic Microscopy for 
Determination in Thick Objects. D. Sinclair & 
E.A. Ash (to be published). 
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Fig. 1. Transmission SAM Acoustics. 
The low path losses (approximately l2dB) in 
the water bath and the high reflection coefficient 
at the lens-water interface mean that the system 
must be pulsed to discriminate between signals 
passing straight through the system and those that 
experience multiple reflections. The minimum 
pulse width used was limited by transducer band-
width to l~s. corresponding to 12 acoustic wave-
lengths. Since the objects examined here are only 
a few wavelengths in thickness the object's trans-
missivity closely approaches that of the continuous 
wave case. 
The object is illuminated with a tightly 
focussed beam and,because the object's trans-
missivity is a strong function of angle,each of the 
spatial frequency components making up the beam is 
subject to a different transmission coefficient. 
Additionally, there is mode-conversion from the 
incident and transmitted longitudinal waves to 
shear, surface and plate modes within the object. 
Hence, the effective object transmittance is a 
complex function of both the properties of the 
sample and the parameters of the acoustic beam. 
The resolution achieved within the object is 
difficult to quantify because of the many modes 
present within the acoustic beam in the object. 
The effective lens aperture in the solid will 
approach 1800 since the high velocity ratio between 
the water bath and the sample ensures there will be 
spatial frequencies extending up to ± goo in the 
sample. This increase in resolution is offset by 
the low transmissivity of the object-water interface 
to high spatial frequencies and the increased 
spherical aberration associated with these high 
spatial frequencies. An estimate for the 
resolution of 1.5 wavelengths in the solid was 
obtained by examining the edge detail in the images 
shown below. 
The high impedance mismatch at the surface of 
the sample (approximately 15dB/interface) reduces 
the overall S/N of the system to 35dB. While these 
mismatch losses can be tolerated at the low imaging 
frequencies used here they become a limiting factor 
in higher resolution systems, since the system path 
losses rise with frequency squared. By using low 
frequencies and trading reduced resolution for 
improved loss in the system this avoids the use of 
high impedance (and usually poor wetting) fluids 
such as gallium for the object to lens coupling. 
a. 
b. 
Sintered 
Steel 
disk 
carbon compound 
Dural disks 
T shaped void 
Fig. 2. Geometry of Objects Imaged. 
Two types of object have been examined - one 
containing laminar bonding defects and one contain-
; ng voids. 
All the images shown are of 10 by lOmm fields 
of view. 
In each case the object was embedded in a 
plate with acoustic properties similar to those of 
the object. This eliminated standing waves in the 
scan plane which would otherwise have appeared as 
strong interference rings in the image. 
In the first object type, see Fig. 2(a), a 
carbon diamond composite lmm thick was sintered 
onto a steel base 2.5mm thick and lOmm in diameter. 
Two samples of this type were examined. In one 
case the bond between the two materials was thought 
to be good and in the other it was suspected to be 
poor. The images obtained are shown in Fig. 3(a) 
and (b) respectively. In both images the 
difference in signal level from black to white is 
about 25dB. It can be seen in the good sample 
that there is a large area of extremely uniform 
transmissivity and a smaller area of rather less 
uniformity where the bond quality may be suspect. 
However, in the image of the defective sample, it 
can be seen that there is little large scale 
uniformity and the variations in transmission are 
much larger than in the good sample. This 
indicates the poor overall nature of the carbon 
steel bond in this sample. 
166 
Fig. 3(a) and (b). Images of Good and Poor Carbon-
Steel Disks - lOmm square field of view. 
The second object type imaged is shown in Fig. 
-2(b) and was fabricated from two Dural disks 
clamped together to form a composite disk l2mm in 
diameter and 4mm thick. A small T shaped 
depression was machined in the inner surface of one 
of the disks in which the stem of the Twas 2A and 
0.3A ~ shown in Fig. 4(a) and 4(b) respectively 
where A is the longitudinal wavelength in the Dural. 
Two small 2A holes machined in the disk can also be 
seen in the top portion of Fig. 4(a). An attempt 
was made to fill the voids within the disks with 
water before they were clamped together. This was 
only partially successful since an air bubble can 
be seen in the cross bar of the Tin Fig. 4(a). 
While the T in Fig. 4(b) is not fully resolved in 
this image the picture does demonstrate the ability 
of the SAM to detect, rather than image defects 
much less than a wavelength in size. 
Fig. 4(a) and (b). Images of Dual Disk with 2A and 
0.3A T Shaped Voids - lOmm square field of view. 
DARK FIELD ACOUSTIC MICROSCOPY 
Dark field acoustic microscopy has previously 
been demonstrated (9), and its uses are similar to 
those in optical microscopy - the examination of 
highly transmissive, weakly diffractive objects. 
By excluding the undiffracted energy from the 
receiver, a more sensitive detector may be used. 
We have developed a new method for the suppression 
of this energy (10). Fig. 5 shows the lens 
arrangement of the dark field microscope. The 
object plane is illuminated by a normally incident 
plane wavefront, produced by a suitably spaced 
piezoelectric transducer. A conventional SAM lens 
assembly is used to receive the plane wave, and is 
situated on the source axis. The lens surface is 
transmissive to zero spatial frequency energy but, 
because of total internal reflection, the active 
region of transmission is confined to the centre of 
the lens. The receiving transducer is only 
sensitive to normally incident energy, because it 
is spatially integrating, and so only a small part 
of the incoming energy is detected. We reduce 
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this further by the incorporation of an absorbent 
or reflective stop in the centre of the lens, 
which obscures the active region. Thus, with no 
object present no signal is detected, and the 
system is dark field. A diffracting object 
produces higher order spatial frequencies, to which 
the receiving lens is sensitive. Conventional 
mechanical scanning is used to form an image, which 
shows the energy diffracted by the object. 
The effect of the aperture stop is to narrow 
the central lobe of the lens focal distribution, 
with an increase in the sidelobe level. Selection 
of the stop size must achieve a satisfactory 
compromise between zero order suppression and the 
resulting loss in resolution caused by the side-
lobes. This on-axis system has two advantages for 
the applications envisaged. Because the source 
is unfocussed, alignment of the system is greatly 
simplified, an important factor with the 
R=16mm D=4mm A=25mm 
Plane wave 
~ 
Receiving 
transducer 
outpu\ 
l ,.,., b•Ch I 
Quartz lens rod 
Plane wave 
transducer Object mechanically 
scanned in focal plane 
Fig. 5. Dark Field Microscope Lens Configuration 
small spot sizes in high frequency acoustic 
microscopy (>0.3!1m). Secondly, because the lens 
is on the source axis, the spatial frequency 
response is symmetrical. The lens collects all 
of the diffracted energy up to the limit imposed by 
its aperture. 
We have built a dark field acoustic micro-
scope operating at 12MHz (wavelength = 150!1m). 
The dimensions of the stop are shown in Fig. 5. 
Fig. 6 shows a computed model of the focal 
distribution of the lens, with and without the 
stop, indicating the increase in sidelobe level, as 
well as a slightly reduced central iobe width. 
The stop produced an additional 20dB of zero order 
suppression. We are experimenting with this 
system in order to determine its sensitivity for 
defect detection, and some early experiments have 
used cracks in solids as diffracting objects. 
Fig. 7 shows a typical image of a crack in a glass 
coverslip. The crack, and an associated standing 
wave pattern in the glass, are clearly shown. 
Other materials which we are examining include 
polymer films and human tissue, both of which are 
highly transmissive to sound waves and may be 
expected to yield increased contrast with a dark 
field microscope. 
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1 
Fig. 6. 
Fig. 7. 
1 2 3 
Radial Position/A 
Computer Lens Focal Distribution 
(Parameters as in Fig. 5.) 
Dark Field Image of Crack in Glass 
Coverslip. (< A/10 wide byZ!. deep). 
ELASTIC WAVE PROPAGATION AND SCATTERING 
4 
The alternative approach to that of seeking to 
investigate a feature by producing an image using 
a technique such as acoustic microscopy, is to 
study the scattered and mode-converted wavefield 
by means of measurements which sample the time 
development of the wavefield at .specific points, 
The investigation, now at UCL, consists of a 
mixed numerical model and experimental study of 
wave propagation and scattering, which is 
principally directed toward the characterisation of 
slots and hence fatigue cracks. 
FINITE DIFFERENCE MODELS 
The basic techniques used to produce finite 
difference models of wave propagation and scatter-
ing have received extensive coverage in the 
literature (ll) and they were considered at last 
year's meeting (2), An example of the numerical 
visualisations, time-snap-shots, for the type of 
system currently under investigation is shown in 
Fig. 8, The model is in a cylindrical coordinate 
system and is using a short pulse of limited width 
introduced at the inner free surface of a section 
through an annulus. The main wave fronts are 
identified. 
MODE-CONVERSION TECHNIQUES 
In addition to fundamental studies of wave 
propagation and scattering, the investigations have 
the aims of providing new and improved methods of 
ultrasonic testing. The practical studies have 
concentrated on the development of mode-conversion 
techniques (2,5), 
The basic features of the mode conversion 
techniques are: the use of short pulse, (broad-
band), waves to strike a target, followed by the 
analysis of the mode-converted waves which are 
generated; including their frequency content. 
COMPRESSIONAL-RAYLEIGH WAVE TECHNIQUE 
The conversion of body to surface waves by a 
surface breaking feature has been reported by 
several authors including Humphreys and Ash (12) 
and their possible application to NOT was 
demonstrated last year (2), This technique has 
been the subject of further study, the finding of 
which is now summarised.* The basic experimental 
configuration is shown in Fig, 9, 
* 
Defect 
Rayleigh wave 
receiver. 
~ Input pulse 
Compression wave 
transmitter. 
Fig, 9, Basic configuration for the compression-
al Rayleigh wave mode-conversion technique. 
Ultrasonic mode-conversion techniques of NOT: 
L.J. Bond (to be published) 
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t= 
t=60dt 
p: compressional s: shear sw: surface wave 
t=20dt 
l 
IMPULSE 
x-x :inner free surface 
Y-Y :outer free surface 
Fig. 8, Compressional Impulse in a Cylindrical 
System (rz) at Three Time Levels. 
For the system shown in Fig. 9 it has been reported 
that the depth of the slot can be related to the 
centre frequency of the mode-converted Rayleigh 
wave pulse by the relationship: 
Slot depth a l/f2 (l) 
Further measurements of depth and frequency 
for both slots in· aluminium and steel and fatigue 
cracks, near normal to the free surface of test 
blocks have been made, and all data fell in a band 
near the curve defined by equation l, passing 
through the point l.Omm depth and l.OMHz, which is 
shown in Fig. 10. The general form of the 
relationship (equation l) was established by 
experiment. A physically based model is now 
proposed. 
The velocity, (Vr), frequency, (f), and wave-
length, (A), of the mode-converted Rayleigh wave 
are related in the usual way by: 
(2) 
The motion of a shallow surface feature struck by 
an impulse can be expected to be related to the 
features dimensions i.e., natural frequencies. For 
the case of a shallow feature where the depth is 
less than the length of the incident impulse the 
type of motion shown in Fig. lOa could occur. The 
motion of the sides of the slot would be such that 
it would move like a tuning fork, with depth 
(length) of quarter wavelength. 
When the length of slot of quarter wavelength 
is used as the basic frequency for the Rayleigh 
wave in equation l, a relationship between depth of 
the slot and the frequency of the Rayleigh wave is 
obtained: 
f V/4X (3) 
a. Slot at 
rest. 
u -v- Ttx. 
_L 
Impulse 
b. 
Slot at 
rest. 
l u Ttx. 
.....L 
c:.. 
Impulse 
Depth (mm) 
4. 
3. 
2. 
1. 
by eqn 
0.5 1.0 
Frequency 
Experimental 
data 
eqn 4 
... 
1.5 2.0 MHz 
Fig. 10" The Depth-Frequency Relationship for 
the Compression-Rayleigh Mode-Conversion Technique 
(a) Motion of shallow slot 
(b) Motion of deep slot 
(c) Depth frequency relationship 
When equation 3 is plotted with the experimental 
data the agreement for shallow features is found to 
be good. However, for deeper features the results 
do not agree. It is therefore suggested that a 
different form of motion occurs when the impulse is 
short compared with feature depth. 
For the case of a deeper feature where the 
incident impulse is short compared with the length 
of the slot, the sides of the slot can be expected 
to bow before the top corners move and motion would 
be as shown in Fig. lOb, where slot length (depth) 
is half wavelength" 
By substitution in equation 2, a relationship 
between depth and frequency is obtained: 
(4) 
which, when plotted with the experimental data (as 
shown in Fig. 10), is in good agreement for the 
case when the feature is long compared with the 
length of the exciting impulse. 
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The agreement between this simple model and 
experimental results is seen to be good, as shown 
in Figo lOo 
A small shift in the position of the curve was 
found for measurements on steel blocks and this was 
in agreement with the theory. 
USING CONVENTIONAL A-SCAN 
The application of the compressional-Rayleigh 
wave mode-conversion and other similar techniques, 
require a special short pulse signal generator 
together with a spectrum analyser. 
Investigations have been performed using 
conventional A-Scan ultrasonic NDT testing equip-
ment, with a range of commercially available probes 
to apply mode-conversion techniques" This work is 
illustrated by results obtained by Shear-Rayleigh 
wave mode-conversion techniques"* 
SHEAR-RAYLEIGH WAVE TECHNIQUES 
The basic configurations for two shear-
Rayleigh wave conversion techniques are shown in 
Fig. lla" The mode-conversion which occurs is 
found to depend on the detailed pulse excitation 
used and the probe angle, in addition to the 
relationship between slot depth and frequency of the 
incident wave" It is found, however, that 
significant mode-conversion to Rayleigh waves 
occurs, (20dB above noise), for a wide range of 
shear wave transducer/defect combinations. 
Examples of the type of A-scan obtained are 
shown in Fig. llc. 
MULTI-PROBE SYSTEMS 
The experiments reported so far in this 
section are two probe methods which relate to the 
characterisation of slots and cracks normal and 
near-normal to the surface of blocks in plate 
configurations. Both the defect geometry and that 
of the object under test, can be considerably more 
complex than this. 
* Ultrasonic mode-conversion techniques for NDT: 
L.J. Bond (to be published) 
a. 
b. 
c. 
Rayleigh wave 
receiver. 
Rayleigh wave 
receiver. 
Amplitude 
Shear wave 
transmitter 
Rayleigh wave 
Direct Shear wave. 
Time. 
Fig. ll. Shear-Rayleigh wave mode-conversion 
Techniques: 
(a) and (b) Basic configuration 
(c) A-scan. 
The angular dependance of scattering of 
compression waves by slots no~al to t~e surface 
has been investigated both us1ng numer1cal models 
and experiments (4). The characterisation of 
features non-normal to a surface adds further 
complexity to the experimental results. 
An extension of the Compressional-Rayleigh 
wave system to give both crack length and angle, 
(depth), is shown in Fig. 12, which uses the 
relative amplitudes of the spectral content of the 
signals from the two Rayleigh wave transducers. 
For specific types of structure,specific probe 
combinations can be advantageous and an example for 
a step section is the system shown in Fig. 13. 
The use of small computer systems can provide on-
line analysis where the interpretation of several 
signals is complex, for multi-probe systems. 
To summarise it has been found that short 
impulses of elastic waves at ultrasonic freq~encies 
can be used to excite resonance phenomena wh1ch can 
be related to feature dimensions via the frequency 
content of the mode-converted waves which are 
produced, and hence, provide a range of techniques 
for defect detection and characterisations. 
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Rayleigh wave 
receiver 
Rayleigh wave 
receiver 
Compression 
wave 
transmitter. 
Fig. 12, Three-probe Compressional-Rayleigh 
mode-conversion. 
Shear wave 
receiver 
Rayleigh wave 
Compression 
wave 
transmitter. 
Fig. 13. Three-probe Compressional-Rayleigh 
Shear System. 
HIGH RESOLUTION ACOUSTIC PROBE 
The measurement of transducer beam profiles is 
an important step in the characterisation of a NOT 
measurement system. Conventional probes use a 
small piezoelectric chip to provi~e spatial . 
selectivity, However the dimens1ons of t~e ch1p 
can be inconveniently small. An alternat1ve 
approach is shown in Fig, 14.* An aluminium cone 
is mounted so that the tip of the cone just touches 
the inner surface of a sheet of mylar film. If an 
ultrasonic field impinges upon the outer surface of 
the mylar film, only that portion of the field in 
the neighbourhood of the cone tip will be coupled 
into the cone, This energy is collimated by a 
lens at the base of the cone and detected by a 
*High resolution acoustic probe: W. Duerr, D.A. 
Sinclair, E.A. Ash (to be published) 
conventional piezoelectric transducer. 
Transducer 
I 
Air 
Fig. 14. Components of High Resolution Probe. 
The resolution of the probe is determined by 
the area of contact between the mylar film and the 
probe tip -a parameter readily controlled in 
manufacture. Since there is a high velocity ratio 
between the aluminium and the water coupling the 
cone to the transducer, a simple spherical lens 
produces negligible spherical distortion. The air 
gap between the mylar film and cone sides provides 
good isolation due to the high impedance mismatch 
between the air-water and air aluminium interfaces. 
To provide the best sensitivity, it is essential to 
reduce the losses within the probe to a minimum. 
A quarter wave matching layer of lOum aluminium 
powder and Araldite epoxy, (1 :1 by weight), was 
used on both the lens and the transducer face. This 
reduced the insertion loss of the probe by 
approximately l2dB. 
A probe for use at 4.5MHz has been construct-
ed and its resolution determined experimentally. 
Two probes were placed in a water bath and the 
first probe used to scan the field produced by the 
second. The probes were separated by d axially. 
If the field produced by the first probe in a plane 
located at the probe tip and orthogonal to the 
probe axis is fi(x,y), for unit transducer excit-
ation, then the output of the second probe at scan 
coordinate (x,y), is given by 
V(x,y) =J:oof2(a,b)f1(x-a,y-b)dadb (5) 
where f 2(x,y) is the field distribution f 1 (x,y) propagated forward a distance d from the plane of 
the first probe tip to the plane of the second. 
Thus it is possible to measure the convolution of 
the probe spatial sensitivity f 1(x,y) with this 
same function propagated a distance d. 
Fig. l5a shows the result of scanning the two 
probes in one dimension at a separation of 20um. 
Fig. l5b shows the convolution of the probe 
sensitivities after the effect of the propagation 
distance between them has been removed. To obtain 
a single probe's spatial sensitivity, it is 
necessary to perform a deconvolution on Fig. 15b. 
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In practice it is difficult to perform this since 
the convolved function in Fig. 15b contains no 
information about the phases of the spatial 
frequencies making up f 1(x,y). 
O.lmm 
... _____. 
Fig. 15. (a) Result of Two Probe Convolution 
experiment. 
(b) After Accounting for Probe Spacing. 
An alternative method of assessing the 
resolution, is to assume a Gaussian form for the 
probe spatial sensitivity function. Thus in one 
dimension: 
{6) 
The convolution of a Gaussian with itself is 
2 2 
V(x) = Jf(a)f(x-a) da I2J e-x /{2w ) • (7) 
The width of the convolved Gaussian is ~times 
that of the original Gaussian. Since the 1/e 
width of the curve in Fig. 15b is llOum an estimate 
for the probe resolution is 75um in water and so it 
is possible to sample fields with the maximum 
theoretical resolution. Indeed, in the presence 
of evanescent fields, sub-half wavelength 
resolution is possible. There is an almost 
complete absence of sidelobes in the probe spatial 
sensitivity. Thus, this system offers improved 
performance over an arrangement in which a lens 
alone is used to obtain the spatial sensitivity, 
The probe of Fig. 14 has been used to measure 
the focal plane distribution of a 4MHz fused 
quartz-water lens, (radius l6mm, aperture 25mm, 
velocity ratio 3.9), illuminated by an approximate-
ly plane wave produced by a transducer glued to the 
far end of the lens rod, The field obtained is 
shown in Fig. 16. The measured central lobe half 
width of 340um, agrees well with the theoretical 
value of A/(2sine) 312um, where e is the half 
aperture angle of the lens. The lack of symmetry 
in the beam profile can be attributed to poor 
bonding of the transducer to the lens rod and con-
sequent non-uniform illumination of the lens 
aperture. The absence of side lobes in the lens 
response was due to poor detector sensitivity. 
In conclusion, a probe has been demonstrated 
which can give at least half wavelength resolution. 
Manufacturing tolerances should not inhibit the 
performance of similar probes up to at least l5MHz, 
Fig. 16, Focal Plane Distribution of 4MHz 
Lens (2mm square scan). 
ZINC OXIDE TRANSDUCERS 
For high frequency (> 100 MHz) attachable SAW 
and bulkwave transducers for NOT, thin film deposi-
tion techniques offer a solution to the problem of 
fabricating the very thin layers, However, the 
deposition technique and the material system must 
be carefully selected; few deposition techniques 
are capable of depositing single or poly-crystal 
layers on amorphous substrates, the stoichiometry 
of the material may be modified by the process and 
crystallographic orientation, uniformity and thick-
ness control are obviously key requirements. 
Zinc oxide deposited by r,f. sputtering 
appears to be capable of meeting these requirements: 
certainly groups in Europe (12), Japan (13), the 
UK (14) and the USA (15), have demonstrated 
transducers with electro-mechanical coupling 
coefficients close to bulk material values. The 
problem is resolved to that of finding the key 
process parameters which enable the deposition 
reproducibility to be maintained close to 100%. 
The latter summarises the objective of the current 
program at UCL, 
The deposition system is similar in many 
respects to that used by other groups and is 
illustrated schematically in Fig. 17, The major 
differences are to be found in the quantity and 
sophistication of the process monitors built into 
the plasma chamber; a mass-spectrometer supervises 
the partial pressure of residual gases and particu-
larly hydrocarbons, (nitrogen and carbon having an 
adverse effect on the crystallite orientation), 
while the total plasma pressure, power feed and 
matching are monitored at several points to 
maintain process stability (16). The optical film 
monitor was developed (16) specifically for this 
application and is of the single beam-path type. 
The target is 'five-nines' Zinc on a magnetron 
electrode energised by a L5KW r,f. supply. A 
liquid nitrogen cryo-trap surrounds the plasma, 
173 
immobilising water vapour and hydrocarbons in this 
region, A typical deEosition starts from a 
chamber pressure of 10 7 T with nitrogen and carbon 
partial pressures below 10-9 T. An oxygen plasma 
at lo-z T is then initiated with an input power 
density at the target of 2Wcm-z, The target-
substrate spacing is 4cm and the substrate temper-
ature is held at 400°C. Under these conditions, 
the deposition rate is circa 2,5 microns per hour. 
R.f, bias may be applied to the substrate prior to 
deposition to effect final cleaning and, during 
deposition, to alleviate strain in the layer. 
Since the need is for a versatile process, 
ZnO films have been deposited on a wide range of 
substrates including metallised silica, lattice-
matched sapphire, glasses and silicon. The layers 
have been assessed structurally, (x-ray diffractio~ 
SEM section, electron diffraction), optically, 
(optical and SEM microscopy for surface topography, 
and optical waveguiding for gross internal struct-
ure), and by SAW and bulk wave delay-line tests. 
Typical results of the acoustic tests indicate bulk 
wave transducer double-transit insertion losses 
ranging from 3dB at 300MHz to 6dB at 650MHz; the 
evaluations were performed on silica delay lines. 
The SAW tests to date indicate single transducer 
loss of 8dB at l70MHz for layers deposited on 
sapphire with aluminium thin film interdigital 
electrodes and without a ground plane; the bi-
directional loss was discounted. 
The correlation of acoustic performance with 
the desired c-axis orientation, (0002), suggests 
that the substrate surface is critical in the 
effect on the growing layer. Also that the pro-
cess repeatability is clearly related to the 
stability and reproducibility of the plasma chamber 
conditions. For example, the substrate influence 
on the preferred orientation of the ZnO is 
demonstrated in the x-ray diffraction peak intens-
ity shown in Fig. l8a; this sample was deposited 
on a glass substrate and, in the same deposition 
run, a bulk wave transducer was included (gold film 
on silica). The acoustic wave propagation 
characteristics of the latter indicated a predomi-
nantly (0002) crystallite structure, while the film 
on glass has a (1010) orientation, In a subseq-
uent run under similar conditions, a thin film of 
aluminium was pre-deposited onto the glass .,, ••• 
and the orientation changed to that of (0002) 
while the (0001) sapphire and Au/silica surface 
maintained the (0002) structure. In both cases 
the bulk wave delay lines had similarly low losses 
of circa 3dB per transit. 
The very marked effect of the release of 
residual gases from the cryo-pump is, we believe, 
indicative of the need for very precise process 
control. Fig, 19 shows a SEM micrograph of a 
cross section of a ZnO film grown on glass. 
During the deposition process, the liquid nitrogen 
feed to the cold-spiral was turned off, and the 
spiral was allowed to warm up. The abrupt change 
in the mode of growth at this point can be clearly 
seen. The densely packed layer initially grown 
under low residual gas pressure conditions gives 
way to a rather loosely packed structure when 
the trap released the contaminants, X-ray 
analysis of this film indicated that the preferred 
(0002) orientation had been maintained despite the 
perturbation in the process, but the bulk wave 
single transit loss had risen slightly to 4dB. 
The implication in this particular case is that the 
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Fig. 19. SEM Section through ZnO Layer Grown on 
Glass - Note the Change in Density Caused by 
Sudden Release of Residual During Deposition. 
physical structure had been modified without 
apparently degrading the acoustic performance 
seriously. It would, however, seem to be unwise 
to hope that similar failures in the process will 
always have so little significance, thus our 
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ultimate deposition system will employ a micro-
computer to supervise the monitoring during trans-
ducer fabrication. An example of the rather 
dramatic effect of poor process control is shown in 
Fig. 20 in which the curves labelled (a) are for 
a bulk wave transducer with mixed orientation in 
the film,while curve (b) is for a film of the 
preferred orientation only. The former shows that 
two types of wave of slightly differing velocities 
are launched, with the consequence that the 
desired mode has much higher losses than are 
acceptable. 
To summarise, the work is beginning to 
explain how the acoustic parameters of a transducer 
relate to the physical properties of the thin film 
material, and in turn, how these properties can 
be controlled by modifying the process conditions. 
A number of important features in this chain of 
events have been identified and we expect these to 
lead to a continued improvement in the deposition 
process. 
CONCLUSIONS 
A wide range of applications of ultrasonic 
waves have been demonstrated. In particular 
the transmission SAM is shown to be a useful tool 
operating at low frequencies and modest resolut-
ions to give mechanical data and image defects in 
opaque objects. 
The new on-axis dark field system has been 
demonstrated as a tool for the detection and imag-
ing of weakly diffractive material defects. 
The fundamental studies of wave propagation 
and scattering are continuing to provide descript-
ions of systems for which no analytical solutions 
exist, in particular in support of the mode-
conversion techniques, which have now proved them-
selves as practical crack detection and character-
isation tools. A high resolution acoustic probe 
has been demonstrated which offers sub-half-wave-
length resolution. Manufacturing tolerances 
should not be a limiting factor on the probe's 
performance for frequencies up to 15MHz • 
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SUMMARY DISCUSSION 
Gordon Kino, Chairman (Stanford University): I am interested in the focused aluminum conical 
transducer. Do I understand that to be basically a lens behind -you have got it there (Figure 
14), fine. The transducer is out here, and you get a plane wave approaching that lens -
Leonard Bond (University College, London): Yes. You basically get the wave coming in, and it hits the 
Mylar film. You are just sampling your wave at the tip of the aluminum lens. That then 
focuses the energy you've captured down through the system, and you're then producing 
practically plane waves that travel through water to the transducer which is a conventional 
piezoelectric transducer. 
Gordon Kino, Chairman: What is the purpose of the Mylar film? 
Leonard Bond: It is basically that the air-aluminum gives better isolation at the cone side rather than 
having water rest on it. 
Gordon Kino, Chairman: Very pretty. 
Leonard Bond: It's a very nice little thing, and it seems to work very well. 
Mr. Schmitz (Germany): What is the bonding sensitivity of this bond. 
Leonard Bond: The sensitivity. 
experiments. The main 
the sensitivity of the 
we have raised so far. 
Bob Bray (Stanford University): 
At the moment, it is better than 30 db signal to noise in actual 
problems seem to be with electronics rather than the actual limits on 
probe, so it's something over 30 db signal to noise, and that's the best 
It should be a lot better than that. 
wonder what frequency you use in the probe? 
Leonard Bond: At the moment it is being used between 1 and 15 megahertz. 
Gordon Kino, Chairman: Is it a broad-band probe or are there several probes? 
Leonard Bond: Several, but there has been one particular one that has been working at about 10. It 
seems to be working okay. It has been demonstrated between 1 and 15. There have been several 
attempts at that. 
Dale Collins (Battelle Northwest}: What about the reflection between your water and the lens. It looks 
like you have reflections bouncing around depending on how sharp a pulse you hit it with. 
Leonard Bond: I think its all being used with quite short pulse work. 
Larry Kessler (Sonoscan): The zero order stop on your dark field diagram (Figure 5) seemed to be in a 
funny place. I would expect it to be in the focal zone of the transducer. 
Leonard Bond: This is the one like that one shown of my colleagues. I believed him that he was 
right. If it is not correct, I apologize, and we can check what he actually put in the figure 
in the paper. 
Larry Kessler: The question really is: does that work as well? 
Leonard Bond: I understand one of the pictures is that he did say that the stop was different, and this 
was one of the things that is improving it, and he says it is a new way of actually fabricating 
a dark field system, and I tended to believe him. I am not an expert on microscopy. 
Larry Kessler: Kumar may be able to help. 
Kumar Wickramasingne (University College London): It does stop at zero because you go from one side. 
So the transfer function is a rectangle function. It's a certain function in the system. 
Gordon Kino, Chairman: Put another way, Larry, the rays in the center are the ones which correspond to 
a parallel beam coming back, and you're sorting those out, getting rid of them. You can only 
receive rays which are coming at an angle. 
Larry Kessler: Something doesn't gibe. 
Unidentified Speaker: Can you show this view, the previous viewgraph? 
Leonard Bond: All three? (Figure 14}. 
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Unidentified Speaker: Yes. In this viewgraph, how do you get rid of all the reflections on the one 
with the lens, on the interface between the aluminum and the water? Did you mask that somehow, 
or did you use any damping materials, you know, to avoid any reflections? 
Leonard Bond: As Kumar is saying, there is good matching. 
Jan Van den Andel (Westinghouse, Canada): How is the whole thing coupled to the material? Is there 
another water fill or -
Leonard Bond: You then insert it in the water tank. 
Jan Van Den Andel: This whole thing goes together in a water tank? Is it possible all these 
reflections they're talking about in the water that goes back and forth are going beyond the 
area where you're interested in because there must be reflections. 
Leonard Bond: Can you answer that for us, Kumar? 
Gordon Kino, Chairman: It it possible that you're getting- perhaps I didn't quite get it either. 
Maybe you should talk to each other afterwards. Thank you very much. 
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